INTRODUCTION
============

A large passenger ship carrying 476 people sank in the Yellow Sea on April 16, 2014. Among the passengers were 325 high school sophomores on a school trip; 250 died or went missing, and only 75 were rescued. These 75 survivors lost their friends and teachers, and went through a difficult recovery process \[[@b1-pi-2017-11-30-3],[@b2-pi-2017-11-30-3]\].

Adolescents exposed to disasters have different perspectives than adults and require meticulous care. Youth are more vulnerable to posttraumatic stress disorder (PTSD) than adults, and have a higher possibility of chronicization \[[@b3-pi-2017-11-30-3]\]. In addition, adolescents are sensitive to environmental changes in the local community and schools, and the influence from their peers and family is considerable \[[@b4-pi-2017-11-30-3]\]. Exposure to disasters in adolescence causes not only adaptational problems directly related to trauma, but also secondary sequelae, such as impulsive or aggressive behaviors, substance abuse, and academic failure \[[@b5-pi-2017-11-30-3]\]. These sequelae interrupt the normal development of adolescents, continuing to impact on their development into adulthood \[[@b6-pi-2017-11-30-3]\].

Among several age groups of children and adolescents, disaster intervention in late adolescence generally has two conflict perspectives. First, like children, late adolescents have low levels of awareness about the help that they need; even if they recognize that they need help, they do not want to express their difficulties and have a tendency not to ask for external assistance \[[@b7-pi-2017-11-30-3]\]. Therefore, it is recommended that a controlled environment is created through a community or school-based intervention \[[@b8-pi-2017-11-30-3],[@b9-pi-2017-11-30-3]\]. Second, late adolescents have mindsets and identities close to those of adults. Therefore, they have a high demand for autonomy and independence \[[@b10-pi-2017-11-30-3]\]. In fact, this age group may show similar symptoms of posttraumatic stress and prognosis as adults \[[@b11-pi-2017-11-30-3]\]. Therefore, although they are still minors, an adolescent strongly opposes being considered someone who needs the consent and protection of their guardians or specialists. If treatment is forced onto this late adolescent group, there may be backlash and resistance. Therefore, controlled intervention for a reasonable period is recommended, rather than a long-term obligatory intervention. Thus, unforced autonomous counseling and interventions are quite effective \[[@b12-pi-2017-11-30-3]\].

This study was conducted to investigate the changes in the symptoms and recovery process from an accident to one year later among late-adolescent survivors of the same age, who attended the same school, and who lived in the same area. The main hypotheses of this study were as follows: First, because of previous studies on adolescents \[[@b13-pi-2017-11-30-3]\], various psychiatric symptoms, including posttraumatic stress symptoms, would improve considerably one year after the accident. Second, the changes in symptoms might be associated with the environment of the controlled group treatment (up to week 10) and that of the voluntary individual treatment (after week 10). Finally, considering that the student survivors were in late adolescence, there might be differences caused by gender. The ultimate goal of this study was to gain insights that could help support adolescent victims of disasters and to examine changes in survivors' symptoms.

METHODS
=======

Participants and settings
-------------------------

The study participants were 75 student survivors of a ferry accident. All the survivors were rescued from the same ship on the same day. All were sophomore students aged 17, with 34 males and 41 females. All the student survivors were enrolled in the same school (Danwon High School) and living in the same city (Ansan).

On the day they were rescued, the students were transferred to a university hospital, where they underwent inpatient treatment for two weeks. During this period, physical and psychological examinations were conducted, and controlled group treatment and individual counseling were provided. After two weeks of inpatient treatment, 71 students were discharged, and four students with serious symptoms remained hospitalized. The school, Office of Education, and parents thought that it would be impossible for the discharged student survivors to immediately go back to their daily routines or return to school. Therefore, the student survivors were sent to a training institute and stayed in a camp for 8 weeks where they underwent a group treatment program and took classes. Students were allowed to spend enough time with their families at the camp if they wanted. Thereafter, all the student survivors returned to their respective homes and school. They were assigned new classrooms, classes, and homeroom teachers, and a counseling center was opened inside the school. The students received follow-up observation and voluntary individual treatment at any of the two locations (or both if desired): a psychiatric outpatient clinic at the university hospital, where they first received inpatient treatment, or a counseling center inside the school. The hospital had one psychiatrist exclusively responsible for the student survivors, and five other psychiatrists. The counseling center had one psychiatrist and several psychologists. The students used the hospital or school counseling center for free; the costs of the treatment and counseling were fully covered by the government.

A hospital and a school were chosen as the treatment locations, as the counseling center inside the school was familiar to the students and was very accessible, while the hospital could easily conduct physical and psychological examinations. If the students wanted counseling confidentiality, the hospital was advantageous to meet this need.

Study design and procedure
--------------------------

This was a 1-year prospective observational study without specific therapeutic manipulation that followed the natural course of symptoms of the student survivors. All the student survivors were evaluated for mental status by psychiatrists on day 2 and at months 1, 6, and 12. At these time points, the students who consented to this study completed self-report questionnaires that were designed to measure posttraumatic stress, depression, and anxiety symptoms, as well as their sleep patterns and degree of resilience after the disaster. Examinations were conducted on day 2, when the student survivors were admitted to the hospital, and were conducted in the camp at month 1. At months 6 and 12, the students visited the hospital and were examined. All the subjects provided written informed consent. This study was approved by the Institutional Review Board of Korea University Ansan Hospital (2014AS0290).

Measures
--------

### PTSD checklist (PCL) and its subscales

The PCL is a self-report measure suitable for screening for PTSD and documenting changes in its symptoms \[[@b14-pi-2017-11-30-3]\]. It was developed in 1991 based on the Diagnostic and Statistical Manual of Mental Disorders (DSM)-III-R and then revised according to the DSM-IV in 1993. Recently, the DSM-5 version was developed. We used the DSM-IV based PCL to easily compare our results with those from previous studies. The PCL has 17 items, and respondents rate their individual symptoms for the past month on a scale from 1--5. The PCL has three subscales: re-experience (5 items), avoidance (7 items), and hyperarousal (5 items). The PCL is commonly used when a clinical interview is not feasible \[[@b15-pi-2017-11-30-3]\], and is regularly used with adolescents \[[@b16-pi-2017-11-30-3]\]. A cut-off score of 50 is widely used to classify an adolescent as having PTSD \[[@b15-pi-2017-11-30-3],[@b17-pi-2017-11-30-3]\].

### Patient Health Questionnaire-9 (PHQ-9) and suicidal ideation

PHQ-9 is a self-report depression assessment tool consisting of nine items and is designed to be consistent with the diagnostic evaluation of a depressive episode in the DSM-IV \[[@b18-pi-2017-11-30-3]\]. The cut-off score for screening for a major depressive disorder in the 13--17 age group is 11 \[[@b19-pi-2017-11-30-3]\]. The scores of this questionnaire are scored with a four point scale (0--3 points), yielding a total score of 27. The last item, question 9, assesses the degree of suicidal ideation of the respondent.

### State subscale of the Spielberger State and Trait Anxiety Inventory (STAI-S)

This self-report tool was developed to measure temperamental anxiety (trait) and current subjective anxiety (state), and is scored with a four point scale (1--4 points) \[[@b20-pi-2017-11-30-3]\]. This study used only the STAI state form, with 20 questions for analysis to measure the present level of anxiety of the respondent.

### Athens Insomnia Scale (AIS)

This is a self-report questionnaire quantifying sleep difficulty based on the ICD-10 diagnostic criteria for insomnia and is scored with a four point scale (0--3 points) \[[@b21-pi-2017-11-30-3]\]. Of the eight questions, the first five assess sleep induction, awakenings during the night, final awakening, total sleep duration, and sleep quality, respectively. The next three questions assess the respondent's well-being, functional capacity, and sleepiness during the day.

### Brief Resilience Scale (BRS)

This self-report measure consists of six questions, three of which are positive, and three negative \[[@b22-pi-2017-11-30-3]\]. Each question is assigned a score from 1--5, and the scores of the negative questions are summed inversely. A higher total score reflects a higher degree of resilience.

Data analysis
-------------

Missing data were replaced with the median of the complete data for each item. The number of missing values for each item was less than 1.0%. The descriptive statistics for each variable were calculated. Frequencies of categorical data were analyzed using chi-square or Fisher's exact tests. Subjects with PTSD were defined as those with a PCL total score of 50 or higher. It is known that posttraumatic stress, depression, and anxiety symptoms may differ by gender among adults \[[@b23-pi-2017-11-30-3]\]. As the participants were in late adolescence, the analysis was stratified by gender.

The total scores on the PCL, its three subscales (re-experience, avoidance, and hyperarousal), PHQ-9, STAI-S, AIS, and BRS in each gender group were calculated separately for four time points (day 2 and months 1, 6, and 12) after the accident. The BRS was not measured on day 2 but was starting at month 1. The differences in these total scores after the four time points were assessed by two-factor analysis of variance (ANOVA) for each gender and time point. The differences were compared using Bonferroni post-hoc tests between the periods. If the score for the last (9th) item of the PHQ was 0, there was considered to be no suicidal ideation. If it was 1 or higher, it was considered that there was suicidal ideation.

A power analysis were conducted for all analyses. In all tests, a significance level of p\<0.05 was used. All analyses were conducted using Statistical Package for the Social Sciences for Windows, version 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS
=======

Descriptive statistics
----------------------

[Table 1](#t1-pi-2017-11-30-3){ref-type="table"} summarizes the group, individual, family, and social therapies administered at each period of hospital-based controlled (0--2 weeks), camp-based controlled (3--8 weeks), and school-based voluntary (after 3 months) intervention. Among the students who received individual treatment in the period of school-based voluntary intervention, one participant received repetitive transcranial magnetic stimulation (15 sessions), four received eye movement desensitization and reprocessing (mean of eight sessions), and five received individual trauma-focused-cognitive behavior therapy (mean of 10 sessions).

Subjects who completed the regular psychological assessments were designated as "completers." Non-completer rate was high at month 6 (26.7%). However, the total scores of PCL, PHQ-9, STAI-S, and AIS on day 2 between the completer and non-completer at month 6 were not statistically significant. The total scores of those scales at month 1 between completer and non-completer at month 6 also showed no statistically differences. There was no difference in the proportion of males and females who did not complete the measures in each period ([Table 2](#t2-pi-2017-11-30-3){ref-type="table"}).

Although there were no male subjects with PTSD at month 1, there were two (8.0%) at month 6, and two (6.5%) at month 12. Females reported more PTSD compared to males, with six (15.0%, 20.0%, 16.7%) subjects at months 1, 6, and 12, respectively (month 1; χ^2^=5.70; df=1; p=0.027). At all time periods, there were more female subjects for whom psychotropic medicines were prescribed than male subjects (month 1; χ^2^=4.20; df=1; p=0.040). The proportion of female subjects who visited the hospital or the counseling center in the school was higher than that of male subjects at all time periods (month 12; χ^2^=7.17; df=1; p=0.007).

PCL total score on day 2 and at months 1, 6, and 12
---------------------------------------------------

The total PCL scores by time period were first compared and then stratified by gender ([Table 3](#t3-pi-2017-11-30-3){ref-type="table"}, [Figure 1](#f1-pi-2017-11-30-3){ref-type="fig"}). Among all subjects, the PCL scores at month 1 significantly decreased compared to day 2 (day 2 vs. month 1: p\<0.001). Total PCL scores, however, significantly increased at months 6 and 12 (month 1 vs. month 6: p\<0.05; month 1 vs. month 12: p\<0.01); the average total PCL score increased to the severity level at 2 day. In general, there were no significant changes in the total PCL scores over time (time: F=4.98; not significant).

There were significant differences in total PCL scores between male and female subjects over time (time×gender: F=4.23; p=0.013). Among males, total PCL scores significantly decreased at month 1 compared to day 2 (day 2 vs. month 1: p\<0.01). Although scores slightly increased at months 6 and 12, they were still significantly lower than those on day 2 (day 2 vs. month 6: p\<0.05; day 2 vs. month 12: p\<0.05). Among females, the total PCL scores significantly decreased at month 1 compared to day 2 (day 2 vs. month 1: p\<0.05). These scores started increasing, however, at months 6 and 12 (month 1 vs. month 12: p\<0.01), and total PCL scores at month 12 were slightly higher than those on day 2.

PCL subscale total scores on day 2 and at months 1, 6, and 12
-------------------------------------------------------------

[Table 3](#t3-pi-2017-11-30-3){ref-type="table"} and [Figure 1](#f1-pi-2017-11-30-3){ref-type="fig"} show changes in the PCL subscales total scores by time period for the assessment completers, and stratified by gender. In the completers, significant changes in scores over time were seen in the re-experience subscale (time: F=8.04; p\<0.0001). A significant difference between male and female subjects over time was seen in the re-experience subscale (time×gender: F=2.12; p=0.045) and the avoidance subscale (time×gender: F=2.87; p=0.001).

In the re-experience subscale, the total score of the male subjects significantly decreased at month 1 (day 2 vs. month 1: p\<0.001) and these reductions remained significant at months 6 and 12 (day 2 vs. month 6: p\<0.001; day 2 vs. month 12: p\<0.001). Finally, the total score was lowest at month 12 (month 1 vs. month 12: p\<0.05; month 6 vs. month 12: p\<0.01). Among female subjects, the total score significantly decreased at month 1 (day 2 vs. month 1: p\<0.05), increased at month 6, then decreased again at month 12. Finally, the difference in total score between day 2 and month 12 was statistically significant (day 2 vs. month 12: p\<0.05).

In the avoidance subscale, the total scores of the male subjects significantly decreased at month 1 (day 2 vs. month 1: p\<0.01), then significantly increased at months 6 and 12 (month 1 vs. month 6: p\<0.05; month 1 vs. month 12: p\<0.05), with scores at month 12 similar to the scores on day 2. The total scores of the female subjects did not decrease at month 1, then greatly increased at months 6 and 12, ending up significantly higher than the scores on day 2 (day 2 vs. month 6: p\<0.01; day 2 vs. month 12: p\<0.01; month 1 vs. month 6: p\<0.01; month 1 vs. month 12: p\<0.01).

In the hyperarousal subscale, the total scores of the male subjects greatly decreased at month 1 and were maintained until month 6 (day 2 vs. month 1: p\<0.001; day 2 vs. month 6: p\<0.001). While hyperarousal scores significantly increased at month 12 (month 1 vs. month 12: p\<0.01; month 6 vs. month 12: p\<0.01), they remained significantly lower than those of day 2 (day 2 vs. month 12: p\<0.05). The total scores for the female subjects significantly decreased at month 1 (day 2 vs. month 1: p\<0.05) then significantly increased from month 6 to month 12 (month 1 vs. month 12: p\<0.01; month 6 vs. month 12: p\<0.05), ending up slightly higher than hyperarousal scores on day 2.

Total score in PHQ-9, STAI-S, and AIS on day 2 and at months 1, 6, and 12
-------------------------------------------------------------------------

[Table 4](#t4-pi-2017-11-30-3){ref-type="table"} and [Figure 2](#f2-pi-2017-11-30-3){ref-type="fig"} show the changes in the PHQ-9, STAI-S, and AIS total scores at each time period for the assessment completers, as well as the sample stratified by gender. In the completers, the changes in scores over time were significant for the PHQ-9 (time: F=7.23; p\<0.0001), the STAI-S (time: F=19.76; p\<0.0001), and the AIS (time: F=10.62; p\<0.0001). A significant difference between the male and female subjects over time was found in PHQ-9 scores (time×gender: F=5.77; p=0.001).

In the PHQ-9, the total scores of the male subjects decreased greatly at month 1 (day 2 vs. month 1: p\<0.001), and these reductions remained significant at months 6 and 12 (day 2 vs. month 6: p\<0.01; day 2 vs. month 12: p\<0.05). For the female subjects, there was no decrease in the PHQ-9 total scores at months 1 and 6. However, the scores significantly increased at month 12 (month 6 vs. month 12: p\<0.01), and were slightly higher than the scores on day 2.

In the STAI-S, the total scores of the male subjects decreased greatly at month 1 (day 2 vs. month 1: p\<0.001). These reductions remained significant at month 6 (day 2 vs. month 6: p\<0.001). Although they increased slightly from month 6 to 12, the total score at month 12 was still significantly lower than the score on day 2 (day 2 vs. month 12: p\<0.05). The total scores of the female subjects decreased greatly at month 1 (day 2 vs. month 1: p\<0.001), and maintained their decreased status at months 6 and 12 (day 2 vs. month 6: p\<0.001; day 2 vs. month 12: p\<0.001).

The AIS total scores of the male subjects decreased greatly at month 1 (day 2 vs. month 1: p\<0.001), and these reductions remained significant at months 6 and 12 (day 2 vs. month 6: p\<0.01; day 2 vs. month 12: p\<0.01). In contrast, the AIS scores of the female subjects significantly decreased at month 1 (day 2 vs. month 1: p\<0.01) then increased from month 6, such that there was no significant difference in AIS total score between day 2 and month 12.

Suicidal ideation and resilience on day 2 and at months 1, 6, and 12
--------------------------------------------------------------------

[Table 2](#t2-pi-2017-11-30-3){ref-type="table"} presents the number of subjects with a score of 1 or higher on the suicidal ideation assessment, the last item of the PHQ-9. The number of subjects with suicidal ideation included 4 males and 15 females on day 2 (χ^2^=7.06; p=0.009), 1 male and 8 females at month 1 (χ^2^=5.38; p=0.030), 2 males and 5 females at month 6, and 1 male and 10 females at month 12 (χ^2^=6.17; p=0.017). The proportion of females with suicidal ideation was higher at every time period.

[Table 4](#t4-pi-2017-11-30-3){ref-type="table"} and [Figure 2](#f2-pi-2017-11-30-3){ref-type="fig"} present the BRS total scores at every time period for the completers and for the sample stratified by gender. In the completers, total scores significantly decreased over time, indicating that resilience was decreasing (time: F=12.27; p\<0.0001). There were significant gender differences over time (time×gender: F=7.12; p=0.006). While the BRS total scores of the male subjects significantly decreased at month 6 compared to month 1 (month 1 vs. month 6: p\<0.001) and maintained their decreased status at month 12 (month 1 vs. month 6: p\<0.001), there were no significant decreases in the total scores of the female subjects at months 6 and 12 compared to month 1.

DISCUSSION
==========

The study subjects had different characteristics in their recovery environment compared with subjects of previous studies of youth disasters. All subjects of this study were in late adolescence, were the same age, belonged to the same school, and suffered through an accident while on a school trip.

To minimize the psychological damage incurred by the adolescents from the trauma they experienced, resources from the school, community, and healthcare institution were sent immediately after the disaster so that the utmost assistance could be provided to the survivors \[[@b1-pi-2017-11-30-3],[@b2-pi-2017-11-30-3]\]. In contrast to our first hypothesis, however, there was no significant improvement in the posttraumatic stress symptoms of the completers after 12 months. The main reason for this is that there was almost no improvement in the symptoms of the female survivors. Another reason is that the total observation period for the changes in the symptoms was 12 months, which might have been an insufficient amount of time. Many studies have reported that the PTSD of children and adolescents can last longer than that of adults and that PTSD can be prolonged for several years after a disaster \[[@b24-pi-2017-11-30-3]\]. Meanwhile, the prevalence of PTSD during the first year after the accident was 0% to 8.0% for males and 15% to 20% for females. This suggests that there were many survivors who had subsyndromal levels of PTSD. Therefore, there were only a few of the study subjects who have experienced substantially decreased PCL total scores.

It was theorized that the reasons for the lack of improvement in posttraumatic stress symptoms among female subjects compared to male subjects were as follows. First, it may be because female adolescents are much more vulnerable to depression and anxiety disorders than are male adolescents, and anxiety disorders are more common in females across the lifespan \[[@b25-pi-2017-11-30-3]\]. Considering depression, gender differences appear at 13--15 years old, rapidly increase in female adolescents, then remain persistent in adults \[[@b26-pi-2017-11-30-3]\]. This vulnerability to depression and anxiety in female adolescents might interfere with recovery from posttraumatic stress symptoms.

Second, the measurement of depression, anxiety, and sleep conducted in this study may have over-presented the problems of the female adolescents. In many cases, adolescents show behavioral problems after a disaster, rather than posttraumatic stress symptoms related to the disaster \[[@b5-pi-2017-11-30-3]\]. These behavioral problems are broadly categorized into internalization (e.g., depression, anxiety) and externalization (e.g., aggressiveness, substance abuse, and delinquency). In general, female adolescents engage in more internalization, while male adolescents engage in more externalization \[[@b25-pi-2017-11-30-3]\].

Lastly, adolescents have different ways of responding to trauma depending on gender \[[@b27-pi-2017-11-30-3]\]. Female adolescents tend to share feelings of loss after trauma with family, friends, and therapists, and think highly of recommendations from these resources. The higher rate of voluntary visits to the treatment facilities by female subjects in the study supports this observation. Male adolescents, however, tend to think that their mental health is a function of their will or attitude, and rarely express their feelings. Therefore, male adolescents, like male adults, tend to underreport symptoms in self-report assessments \[[@b28-pi-2017-11-30-3]\]. In this study, even though the male adolescent subjects' resilience significantly decreased at months 6 and 12 compared to month 1, they reported that their posttraumatic stress symptoms had improved.

Generally, after the acute phase of a disaster, people show a pattern in which the psychological symptoms of trauma stay the same or are slightly aggravated until the subacute phase, then gradually improve in the chronic phase \[[@b29-pi-2017-11-30-3]\]. In this study, however, all symptoms decreased to their lowest level at month 1 (subacute phase), lower than on day 2 (acute phase), then increased again at months 6 and 12 (chronic phase). This might have been the result of the controlled treatment, including hospitalization and camping. During this period, the survivors were protected from secondary trauma by preventing exposure to media, funerals, and memorial ceremonies, which minimized their acute stress responses, abnormal grief reactions, and guilty feelings. This was the period when the feelings of solidarity and the drive to conquer their trauma was motivated through group therapy. This means that the controlled and systematic rehabilitation efforts of the connected organizations of the school, the community, and the healthcare institution created a very critical recovery environment for the adolescents, who had limited knowledge of the types of help that they needed to ask for, and who had difficulty asking for external help.

The voluntary individual treatment period began in month 3 and resulted in the aggravation of various symptoms at the chronic phase (months 6 and 12). This aggravation of symptoms at the chronic phase may have been caused by a variety of factors.

Many studies reported that the school is the best place for students to recover from their psychological trauma after a disaster \[[@b30-pi-2017-11-30-3]\]. This disaster, however, occurred while the students were on a school trip and as such, the school itself became a disaster site. When the survivors came back to school in reorganized classes, coming to the school itself was like revisiting the disaster site. In addition, the fact that the previous classrooms were kept empty for a long time after the disaster, as they were made into a memorial site, might have had a negative impact on the student survivors' trauma recovery.

The survivors might have reported aggravated symptoms at month 12 because that time coincided with the memorial period for the first anniversary of the accident. Furthermore, there was intense media coverage of the disaster on its first anniversary. Although the survivors went back to their respective daily routines and spent considerable amounts of time doing so, media reports about the accident continued, and the student survivors were repeatedly exposed to images of the sinking ferry or rescue scenes. The disaster circumstances that came to be recalled by the adolescent survivors caused changes in their posttraumatic stress response, and sustained their stress. Many studies reported the association between posttraumatic stress symptoms and exposure to TV in adolescents \[[@b31-pi-2017-11-30-3],[@b32-pi-2017-11-30-3]\].

After a disaster, adolescents tend to observe the coping strategies and behavior of their parents or other adults in the disaster-affected area, and seek stability or imitate healthy behaviors \[[@b33-pi-2017-11-30-3]\]. Although this disaster was a local community disaster, the parents of the survivors and the other adults in the community did not experience the disaster all together. Therefore, the survivors may have perceived the absence of recovery role models among their parents and other adults. There were external factors during the chronic phase that lowered the adaptability of the survivors, such as problems with compensation for the accident, career paths, stress from upcoming entrance examinations, and socio-political situations that compromised the recovery environment \[[@b1-pi-2017-11-30-3],[@b2-pi-2017-11-30-3]\]. Study subject characteristics and the distinct characteristics of this particular disaster might have been factors that resulted in sustained stress after the traumatic event (posttraumatic stress and adversity factors).

The limitations of this study and the further needed studies are as follows. The 12-month observation period may have been insufficient, and therefore, more long-term observation is needed. To accomplish this, our study team will conduct follow-up observations for several years. Second, adolescent assessment tools were not used to measure various youth problems, such as drinking, smoking, internet use, and behavioral problems, like delinquency, grief response, physical symptoms, and quality of life. Furthermore, positive changes, like posttraumatic growth \[[@b34-pi-2017-11-30-3]\], were not measured. Third, only quantitative research was conducted; qualitative research through in-depth interviews is also needed. Fourth, attachment to one's parents, family functions, and childhood experiences are very important in adolescents' recovery from trauma \[[@b33-pi-2017-11-30-3]\], but they were not investigated in this study. Fifth, the study subjects were not diagnosed based on structured clinical interviews, and the non-systemic and various psychological treatments are applied in some students. Sixth, the number of adolescent survivors who did not participate in the study was 1 (1.3%) on day 2 and at month 1, 20 (26.7%) at month 6 and 5 and (6.7%) at month 12. Most of the student survivors who did not participate in this study rarely visited the treatment center. It is necessary to find out why these students did not visit the treatment center-whether it is because they had fewer psychological problems than the rest of the students, or if they hesitated to visit because they were reluctant to get help or mental health counseling, or possibly these students were greatly affected by avoidance symptoms.

After the 12-month follow-up, many of the psychological symptoms experienced by the female adolescent subjects had not improved. Female adolescents are more sensitive to traumatic experiences than male adolescents, and their coping methods differ from those of male adolescents. Accordingly, much closer attention should be paid towards female adolescent disaster survivors. Although controlled school and community-based interventions were very effective for the survivors, such intensive interventions cannot be applied long-term. Therefore, this school and community-based intervention needs to be changed into a more autonomous treatment over time. All the symptoms for both males and females showed a pattern that decreased to the lowest level at month 1 (camp-based controlled intervention period), then increased at months 6 and 12 (voluntary individual treatment after returning to school). A rapid deterioration of psychological symptoms was found during chronic phase, when students returned to their daily routines. In the chronic phase, most of the psychological symptoms for females were at subsyndromal level, but were close to the level of initial deterioration. During the same period, many of the symptoms for males showed improvement, but resilience showed worsening. Therefore, it is very important to screen high-risk adolescent survivors and to show an intense interest in them during this period. Furthermore, this study needs to be continued for several years to follow up on the subjects' symptoms, while supplementing its limitations.
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###### 

The group, individual, family, and social therapies administered at each period of hospital-, camp-, and school-based intervention

  Types of therapy                              Hospital-based controlled intervention                Camp-based controlled intervention                                School-based voluntary intervention
  --------------------------------------------- ----------------------------------------------------- ----------------------------------------------------------------- ------------------------------------------------------------------------------------
  Period                                        0-2 weeks (acute phase)                               3-8 weeks (subacute phase)                                        After 3 months (chronic phase)
  Group therapy                                 Psychological first aid \[[@b35-pi-2017-11-30-3]\]    Skills for psychological recovery \[[@b36-pi-2017-11-30-3]\]      Cognitive behavioral intervention for-trauma in schools \[[@b38-pi-2017-11-30-3]\]
  Mental health education                       Group trauma-focused-CBT \[[@b37-pi-2017-11-30-3]\]                                                                     
  Mental health education                                                                                                                                               
  Individual therapy (N of subjects)            Supportive PT and PE                                  Supportive PT and PE                                              Supportive PT and PE
  Interview for early detection-of risk group   Trauma-focused-CBT (5)                                                                                                  
  EMDR (4), rTMS (1)                                                                                                                                                    
  Family or social therapy                      PE (family)                                           Music therapy, art therapy, and-recreation (student and family)   Case management program in mental- health trauma center (family)
  PE (family)                                   Teacher training program (school- teacher)                                                                              

N: number, CBT: Cognitive Behavior Therapy, PT: psychotherapy, PE: psychoeducation, rTMS: repetitive Transcranial Magnetic Stimulation, Psychological first aid, Skills for psychological recovery, Group trauma-focused-CBT, Cognitive behavioral intervention for-trauma in schools

###### 

Numbers of subjects who were treated with medications, visited the treatment facilities, and had PTSD or suicidal ideation on day 2 and at months 1, 6, and 12

                                                                              Time period after disaster (T=75, M=34, F=41)                                                                                             
  --------------------------------------------------------------- ----------- --------------------------------------------------------------- ------------------------------------------------------------- ----------- ---------------------------------------------------------------
  N of subjects prescribed psychotropic medication (%)            M           6 (17.6)                                                        2 (5.9)                                                       3 (8.8)     4 (11.8)
  F                                                               13 (31.7)   9 (22.0)                                                        10 (24.4)                                                     10 (24.4)   
  Statistics                                                                  χ^2^=2.34                                                       χ^2^=4.20^[\*](#tfn1-pi-2017-11-30-3){ref-type="table-fn"}^   χ^2^=3.52   χ^2^=2.27
  N of subjects who visited the psychiatric outpatient (%)        M                                                                                                                                         4 (11.8)    5 (14.7)
  F                                                                                                                                           11 (26.8)                                                     17 (41.5)   
  Statistics                                                                                                                                                                                                χ^2^=3.01   χ^2^=7.17^[\*\*](#tfn2-pi-2017-11-30-3){ref-type="table-fn"}^
  N of subjects who visited the counseling center in school (%)   M                                                                                                                                         7 (20.6)    12 (35.3)
  F                                                                                                                                           14 (34.1)                                                     21 (51.2)   
  Statistics                                                                                                                                                                                                χ^2^=2.08   χ^2^=2.51
  N of subjects who completed all assessments (%)                 M           34 (100)                                                        34 (100)                                                      25 (73.5)   32 (94.1)
  F                                                               40 (97.6)   40 (97.6)                                                       30 (73.2)                                                     38 (92.7)   
  T                                                               74 (98.7)   74 (98.7)                                                       55 (73.3)                                                     70 (93.3)   
  N of subjects with PTSD (%)                                     M                                                                           0 (0)                                                         2 (8.0)     2 (6.5)
  F                                                                           6 (15.0)                                                        6 (20.0)                                                      6 (16.7)    
  Statistics                                                                                                                                  χ^2^=5.70^[\*](#tfn1-pi-2017-11-30-3){ref-type="table-fn"}^   χ^2^=1.69   χ^2^=1.59
  N of subjects who had a suicidal ideation (%)                   M           4 (11.8)                                                        1 (2.9)                                                       2 (8.0)     1 (3.2)
  F                                                               15 (37.5)   8 (20)                                                          5 (16.7)                                                      10 (27.8)   
  Statistics                                                                  χ^2^=7.06^[\*\*](#tfn2-pi-2017-11-30-3){ref-type="table-fn"}^   χ^2^=5.38^[\*](#tfn1-pi-2017-11-30-3){ref-type="table-fn"}^   χ^2^=0.68   χ^2^=6.17^[\*](#tfn1-pi-2017-11-30-3){ref-type="table-fn"}^

Subjects with PTSD were defined as those with PCL total score of 50 or higher. A score of 1 or higher on the last (9th) item of PHQ-9 was considered to have suicidal ideation. Number of subjects who had PTSD or a suicidal ideation was calculated within those who completed all measures.

p\<0.05,

p\<0.01.

N: number, T: total subjects, M: male subjects, F: female subjects, PTSD: Posttraumatic Stress Disorder

###### 

PCL total scores and PCL subscales total scores on day 2 and at months 1, 6, and 12

  Scale           Sex             Time period after disaster   Repeated ANOVA                                                     
  --------------- --------------- ---------------------------- ---------------- --------------- --------------- ----------------- -----------------
  PCL-TOTAL       T               33.96 (13.65)                28.19 (11.57)    31.47 (13.07)   32.23 (12.00)   Time              F=4.98, NS
  M               34.66 (15.45)   25.80 (8.00)                 27.86 (9.36)     28.70 (10.00)   Time×sex        F=4.23, p=0.013   
  F               33.33 (11.99)   30.33 (13.78)                34.18 (14.87)    34.94 (12.82)   Sex             F=1.05, NS        
  PCL-Sub REEX    T               11.60 (3.52)                 9.24 (4.30)      9.86 (4.28)     8.85 (3.51)     Time              F=8.04, p=0.000
  M               12.59 (3.81)    8.97 (3.71)                  9.48 (3.56)      7.93 (2.91)     Time×sex        F=2.12, p=0.045   
  F               10.72 (3.24)    9.5 (4.90)                   10.14 (4.80)     9.57 (3.80)     Sex             F=1.47, NS        
  PCL-Sub AVOID   T               11.28 (4.75)                 10.18 (5.94)     12.22 (5.63)    12.40 (5.16)    Time              F=2.13, NS
  M               11.53 (4.35)    9.71 (4.88)                  10.95 (4.34)     11.22 (4.38)    Time×sex        F=2.87, p=0.001   
  F               11.06 (4.95)    10.60 (6.54)                 13.18 (6.34)     13.31 (5.58)    Sex             F=0.96, NS        
  PCL-Sub HYPER   T               11.07 (4.72)                 8.76 (4.75)      9.39 (4.71)     10.97 (4.63)    Time              F=5.13, NS
  M               10.54 (4.41)    7.12 (3.42)                  7.43 (3.34)      9.56 (3.90)     Time×sex        F=1.74, NS        
  F               11.55 (4.98)    10.23 (5.10)                 10.86 (5.09)     12.06 (4.91)    Sex             F=1.92, NS        

The number of subjects who complete all measures at each time point was shown in Table 2. T: total subjects, M: male subjects, F: female subjects, PCL: PTSD Checklist, Sub: subscale, REEX: re-experience, HYPER: hyperarousal, SD: standard deviation, NS: not statistically significant

###### 

Total scores in PHQ-9, STAI-S, AIS, and BRS on day 2 and at months 1, 6, and 12

  Scale    Sex             Time period after disaster   Repeated ANOVA                                                    
  -------- --------------- ---------------------------- ---------------- --------------- -------------- ----------------- ------------------
  PHQ-9    T               6.68 (6.10)                  4.27 (5.25)      4.22 (5.22)     5.80 (4.96)    Time              F=7.23, p=0.000
  M        6.89 (6.59)     2.94 (3.51)                  2.33 (3.10)      3.88 (2.70)     Time×sex       F=5.77, p=0.001   
  F        6.49 (5.70)     5.46 (6.24)                  5.64 (6.04)      7.23 (5.75)     Sex            F=1.88, NS        
  STAI-S   T               55.32 (14.12)                44.74 (11.14)    43.82 (11.80)   46.29 (7.40)   Time              F=19.76, p=0.000
  M        53.57 (16.93)   42.32 (9.44)                 39.86 (10.10)    46.16 (7.44)    Time×sex       F=1.18, NS        
  F        56.90 (11.00)   46.85 (12.16)                46.79 (12.27)    46.41 (7.47)    Sex            F=1.683, NS       
  AIS      T               7.77 (3.42)                  5.18 (3.92)      5.82 (3.91)     6.02 (3.48)    Time              F=10.62, p=0.000
  M        7.76 (3.92)     4.66 (3.40)                  4.76 (3.11)      5.30 (2.85)     Time×sex       F=2.68, p=0.050   
  F        7.78 (2.99)     5.64 (4.33)                  6.61 (4.30)      6.57 (3.84)     Sex            F=0.93, NS        
  BRS      T                                            19.79 (4.85)     17.18 (1.22)    17.43 (1.81)   Time              F=12.27, p=0.000
  M                        21.15 (4.56)                 17.00 (1.18)     17.26 (1.93)    Time×sex       F=7.12, p=0.006   
  F                        18.58 (4.84)                 17.32 (1.25)     17.58 (1.71)    Sex            F=3.72, NS        

The number of subjects who complete all measures at each time point was shown in Table 2. T: total subjects, M: male subjects, F: female subjects, PHQ-9: Patient Health Questionnaire-9, STAI-S: State subscale of the Spielberger State and Trait Anxiety Inventory, AIS: Athens Insomnia Scale, BRS: Brief Resilience Scale, SD: standard deviation, NS: not statistically significant
